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Though there has been controversy about the efficacy of the dietary treatment of phenylketonuric children (Birch and Tizard, 1967; Bessman, 1966) , it is generally agreed that when phenylalanine intake is controlled from early weeks of life adequate intellectual development will take place (Clayton, Moncrieff, and Roberts, 1967; Baumeister, 1967; Fuller and Shuman, 1969) . Though the mean intelligence quotient of these early treated children tends to lie about 10 points below that of the normal population, they are educable at normal schools and differ strikingly from most untreated or latetreated phenylketonuric children whose mean intelligence quotient is about 50. Hackney et al. (1968) , Bentovim (1968) , and Buick (1969) (Wood, Friedman, and Steisel, 1967) , or to a combination of these factors.
In the dietary treatment of phenylketonuria (PKU) natural protein is largely replaced by artificial preparations low in phenylalanine (Phe). The commercial preparations available in this country contain protein hydrolysates. Apart from its unpleasant taste, another problem with the diet is that in order to satisfy the protein requirements of the growing child, a considerable bulk of these special foods has to be given and the appetite for phenylalanine-free foods is limited. The result is a diet which is very different from normal and which is likely to interfere with the normal mother/child relationship (Bentovim, 1968) . The diet is usually accepted without much difficulty in infancy, but during the toddler stage and later years of childhood, many children develop a dislike of these special foods and as a result tensions and anxieties arise in the families (Bentovim, 1968) . Dawdling, feeding battles, and finickiness are frequent, and the situation between mother and child is similar to that seen in severe feeding problems in emotionally disturbed (non -phenylketonuric) children (Bentovim, 1970) . Such early feeding difficulties have been shown to be associated with maladjustment and other emotional problems in later childhood (Brandon, 1970) . Bentovim (1968) (Clayton, Francis, and Moncrieff, 1965) .
Calories. The amino acid diet was constructed so that it remained isocaloric with the previous diet which provided the calories recommended in the Report to the Medical Research Council of the Conference on Phenylketonuria (1963) . Though Cymogran and the amino acid mixture each provided 400 cal./100 g. powder, the latter was fed in such small quantities that extra calories had to be provided from fat and carbohydrate.
Fat and carbohydrate. The intake of carbohydrate was increased by providing extra cane sugar or glucose, wheat starch products such as cakes and biscuits from recipes supplied to the mothers, and manufactured biscuits and spaghetti (see Appendix). Fat was increased by giving margarine, butter, or a 50% oil in water emulsion (Prosparol) which was useful in cooking.
Vitamins. Three tablets of ketovite and 5 ml. ketovite supplement liquid were given daily.
Mineral mixture.* 8 g. of mineral supplement were given daily in three divided doses. Plasma amino acids were determined weekly in children in group B at the same time as the phenylalanine levels. They were separated by chromatography, stained with ninhydrin, and determined visually by matching against standards.
The urinary amino acid pattern was examined by chromatography on 24-hour collections obtained from patients in group B after some weeks on mixture 1. Patient B4 had some further urines examined after 22 and 24 weeks on mixture 1, and after 7, 14, and 20 days on mixture 2. In all patients in group A one 24-hour specimen of urine was collected after group B had been on amino acid diet for 13 to 15 weeks.
In addition, in patient B4 estimations were performed with an amino acid analyser on one plasma and one 24-hour urine during the administration of mixture 1, and then of mixture 2.
Tests of renal function were performed in all children in groups A and B (except patient A3) after group B had received the diet for 13 to 15 weeks. Glomerular permeability was assessed by albumin clearance (Barrett, McLaine, and Soothill, 1970) , proximal tubular function by lysozyme clearance (Barrett and Crawford, 1970) and glomerular filtration rate by creatinine clearance, creatinine being determined by a method involving absorption on resin before estimation using alkali picrate (Stoten, 1968) .
Blood urea, serum total protein, and protein electrophoresis were determined by standard laboratory techniques on all patients (except A3) after group B had received the diet for 13 to 15 weeks.
Biochemical Results
Plasma amino acids. These were studied on about 20 occasions on each child in group B while receiving mixture 1. Serine was increased in most of the samples above the upper limit of normal of 3 mg./100 ml. to levels as high as 18 mg./100 ml. Alanine was occasionally raised to levels as high as 12 mg./100 ml. (upper limit of normal 5 mg./ 100 ml.). Mean phenylalanine levels after the first month on mixture 1 varied from 3 * 8 in patient B4 to 70 in patient B3 (see Table III ). The other amino acids were within normal limits except for an occasional increase in the branched chain amino acids in patient B6. During the administration of mixture 2 to patient B4, no increases in serine or Use of an Amino Acid Mixture in Treatment of Phu'nylketonuria alanine were seen. Studies in patient B4 using an amino acid analyser confirmed these findings with mnixtures 1 and 2.
Urinary amino acid pattern.
On mixture 1 the excretion of serine, alanine, and methionine was increased in most samples (see Table IV ).
All other amino acids were excreted in normal amounts except that two specimens showed raised glycine. When receiving mixture 2 which contained L amino acids only, patient B4 had a completely normal amino acid pattern.
Studies in patient B4 using an amino acid analyser confirmed these findings with mixtures 1 and 2.
All patients in group A had the aminoaciduria typically seen in children receiving Cymogran (Clayton, Heeley, and Heeley, 1970 Table V )), with dislike of certain permitted phenylalanine-free foodstuffs. Half the children, particularly the older ones, disliked so many vegetables in the diet and wanted to know when they could 'eat fish and chips'. Some persuaded other children to give them forbidden sweets and stole food. However, the younger children were remarkably accepting of the restrictions and appeared to be uninterested in other foods, asking their parents if they might accept sweets, etc., when offered. This over conscientious attitude extended to other areas of behaviour, and 3 of the younger children disliked having their hands or clothes dirty.
Overeating was uncommon but most children had unusual appetites for savoury foods such as saladcream on spaghetti (special), raw mushrooms, pickled onions, and curry sauce.
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Group A and B differences. The average score for reaction to Cymogran was the same in both groups (2 6). The children in trial group B were slightly more finicky about food, complained about restrictions slightly more, and had more appetite problems, and were less 'greedy' about food interests. However, in general, feeding problems were the same in both groups (total score: group A 64, group B 63; average per child, 10-5).
Other psychological findings. 6 (Siegel, 1956 )), and they fed themselves instead of having to be fed by spoon or by force.
The over-all food problems were reduced from a total score of 63 (average 10 -5) to 47 (average 7 6), the difference being highly significant (p < 00-1).
There was an increase from 1 5 to 2 0 in the score for greediness, two of the children showing a considerable increase of interest in food and eating between meals. In the case of patient Bl the appetite for permitted foods, which had been poor before the dietary change, improved, and the three children who had shown difficulties in accepting the restrictions imposed by the diet became more accepting (mean score on Cymogran 2 33, on amino acid mixture 1 9). One, however, complained more than previously and asked when she could have chicken and chips and ice-cream, and give up sandwiches (low Phe).
All the patients welcomed the new preparation, feeling that they no longer appeared as 'bogeys' to their child, and being pleased that there was no longer need to try and disguise the taste of the protein hydrolysate nor difficulty in persuading the child to take it, and that the unpleasant smell no longer pervaded the house. The mothers' tempers improved; family tensions lessened and it became possible for other members of the family to help with feeding the child. During the period of the trial the emotional state of 2 of the 3 disturbed children improved, they became more independent, less clinging, showed less frustration, and had fewer temper tantrums. One girl temporarily became more anxious during the period of weekly blood tests. Growth The patients' growth was as satisfactory with the amino acid mixture as with Cymogran (see Table III for centiles for height and weight), but the period of observation was short.
Conclusion
The dietary treatment of PKU with the lowphenylalanine preparation Cymogran caused emo- Phenylketonuria (1968) , children with PKU are treated in a few centres specializing in its management, with expert dietary advice and biochemical facilities, we would not anticipate difficulties even with families who are less co-operative than those taking part in this trial.
The inclusion ofthree DL amino acids in mixture 1 led to high levels of serine and alanine in plasma and urine but no clinical side-effects occurred during the trial period. It has been shown recently (Clayton et al., 1970 ) that the generalized hyperaminoaciduria associated with the ingestion of acid hydrolysate is due to racemization of 2-3% of the amino acids in the hydrolysate. When the amino acid mixture contained L forms only (mixture 2), plasma and urinary amino acid patterns were normal. Until evidence is produced that D amino acids administered over longer periods are not detrimental to human development, it seems advisable to exclude them from synthetic diets used in the paediatric age-group.
We thank Mrs. Anne Needham, P.S.W., who helped devise the psychiatric questionary and carried out initial interviews; Mr. D. Buick Appendix Carol (patient B4) aged 3 * 7 years is an only and much wanted child, born after a long period ofnon-conception. The diagnosis of phenylketonuria was suggested at 8 weeks when the routine Phenistix test was positive.
Before this the mother had been concerned as Carol had a persistent rash on her head and buttocks and was restless. After a period of 2 months in hospital durirg which the diagnosis was confirmed and dietary control established she was discharged home and progressed normally, walking at 9 months, talking at 21 months, and being fully continent by 2 years, with an IQ measurement in the average range. Impact of diagnosis. Mother's initial reaction to the diagnosis was that she had let Carol down. Gradually, however, she became less depressed when the statement that with early dietary treatment normal development would take place was reinforced by her seeing other PKU children, who had developed normally and had continued to do so after dietary treatment had been stopped at the age of 8-10 years, in contrast to the late diagnosed children who had become mentally retarded. She felt that the marital bond had been strengthened by Carol's condition. The parents decided to restrict the size of their family for Carol's sake and in due course to send her to a private school for closer supervision.
Carol's mother, who has a sweet shop, still feels guilty because she cannot give chocolate to her own child.
Dietary management. As a baby there had been no problems with the protein hydrolysate preparation (Minafen, Trufood Ltd.). On changing to Cymogran at 12 months, difficulties began, and mother needed much help and support from the dietitian. She tried to mix the Cymogran with other foods to improve the taste and smell, but with little success, and at the time of the trial Carol refused to take the Cymogran by herself and it had to be spooned down with orange. Carol accepted the other dietary restrictions well, and except for the occasional piece of chocolate, she would ask if she could have certain foods before eating them.
Behavioural pattern. Carol was a pert, forward, chatty girl of average intelligence. She was active, independent, and played by herself, enjoying climbing. She was imaginative, talking to dolls and animals, and in this way acted out some of the stressful aspects of the dietary restrictions. After each blood test however, she had night terrors and nightmares. She was apprehensive about disapproval, and had certain obsessional features such as neatness, insistence on routine, and a dislike of dirty clothes and dirty hands. This mild emotional disorder may be related to the dietary restrictions, to the repeated painful stimuli, and to her mother's anxiety about Carol's future.
Change to amino acid mixture. Carol's attitude to the diet changed immediately. She took the new mixture by herself, after meals, like a medicine. She ate more special bread, spaghetti, fruit, cakes and biscuits, and stopped taking chocolate. Her mother is delighted with the change in Carol's eating habits and commented that the unpleasant smell of the Cymogran has disappeared from the home.
Menus. Typical daily menus for patient B4 when she was receiving the Cymogran and the amino acid (mixture 1) diets are shown in Table VII 
